This paper describes a new matched-field acoustic source localization technique using reduced-rank signal processing. The problem is posed as a simultaneous detection and parameter estimation in which unknown, deterministic noise will act to obscure the source. We derive a reduced-rank likelihood ratio array processor and demonstrate its ability to detect and localize the signal of interest. The key advantage of our reducedrank processor is its ability to remove the interference present while retaining the pertinent in formation necessary for detection and localization. This is accomplished using singular value decompositions of data matrices.
I. INTRODUCTION
Matched-Field Processing (MFP) is an underwater source localization technique that incorporates environmental information into optimum signal processing algorithm [l] . In this research we develop a new technique to detect and localize a source in the presence of strong directional interference through the use of "reduced rank" signal processing [4] , [ 5 ] , and [6].
The reduced-rank technique that is implemented in our research will allow us to detect the signal, localize the signal, and adaptively remove strong directional interference.
The matched-field processing procedure is summarized in Figure 1 . An acoustic source generating a narrowband signal is located at an unknown range and depth in an acoustic waveguide. The propagation model for the signal is determined by environmental parameters such as the characteristics of the sound speed profile, bottom characteristics, and bottom profile. The shallow water environment that the signal propagates through acts as a waveguide. If plane wave propagation is assumed then the performance of the processor would be [2] . Complicating the problem is low-rank interference present in the environment, which will act to obscure the source. Sources of low-rank interference are surface noise or mechanically generated correlated noise fields. A vertical hydrophone array with N evenly spaced sensors acts as a receiver. It collects actual complex phone signals and sends the data to the processor. The solution to the problem involves detecting and localizing the source. This is accomplished by applying matchedfield techniques using our reduced rank processor.
Methods that were previously used include the Bartlett and MLM estimators. However, the limitation of these conventional methods to effectively remove strong directional interference was a contributing factor in the motivation for a new technique. Furthermore, in our research, we do not assume that the source is necessarily present. Therefore, detection must be incorporated into the signal processing algorithm. Typically, background noise is assumed to be weak in conventional MFP signal processing algorithms. However, in this research, we assume the strength of the noise components may be comparable to the source. This paper demonstrates that a new solution for the matched field problem is based on the generalized likelihood ratio test (GLRT) and reduced-rank signal processing. Section I1 formulates the problem. The GLRT processor is derived in Section 111. Section IV presents representative results. Conclusions are provided in the final section of the paper.
II. PROBLEM FORMULATION
The goals in our research were to first detect the signal in the presence of strong low rank interference and then to localize the source if it is present. Therefore, we formulate the problem as a hypothesis test on the data.
Strong directional interference is always present. Each measurement of the directional interference is "low rank" provided it can be modeled as some linear combination of r basis vectors or modes. Low rank is applicable whenever the number of modes is less than the number of sensors [9] .
We assume that the interference is composed of the low-rank component plus white Gaussian noise.
Therefore, if the data consists of only interference the kIh measurement is modeled as , x, = Cu:em +w, s(r,,,z,,) the array output generated by the source, where depth and range are the unknown parameters. E is the low rank interference, {e, I e2 I ... I e,}, and is modeled as unknown deterministic w i t h known rank r. It may or may not be Gaussian in nature, therefore, E is modeled as unknown deterministic. The columns of E are the r modal vectors that make up the low rank interference. r corresponds to the number of ja"er(s) present and is known. The strength of the source and noise components are unknown. Also, some a priori knowledge of the general search area for the source is necessary. Measurements form the data matrix
III. THE GENERALIZED LIKELIHOOD RATIO PROCESSOR
The GLRT is derived for the data matrix X. We want to determine if the received data comes from the H,, or HI hypothesis. We assume that the probability of the two hypotheses are equal; therefore, the maximum likelihood receiver is the likelihood ratio test [9] . The LR is a ratio of the probabilities of X in the cases of H,, and HI. The The ML estimate of d is found using equation (7):
The analysis for the numerator is similar except for the linear term. The ML estimate for E, A, b, and d must be derived. To find the ML estimate for the mean (EA -sb ) a least squares theorem for joint linear and bilinear fit is used. It can be proved that where and P is the projection matrix ~( r , z ) s ( r , z )~/ lls(r,z)l( [SI. Now that the linear term has been approximated to the data matrix X, th_e rank r interference matrix EA must be approximated to X . This is accomplished through the use of results found in equations (10) and (1 1) where y: are the singular values of (I-P)X. The ML estimateof d is
"
Therefore, inserting (12) into (6) yields the results from equations (7) The GLRT simplifies to the ratio of the singular value decomposition of errors of the respective hypotheses.
The localization problem is solved as follows. Using the propagation models we can generate a signal field at each element of our receiver array for any given source location. The complex acoustic field is modeled as a function of source location and is referred to as the "replica field". The replica field is computed for the source at hypothesized range and depth locations. This 205 information is then incorporated into the projection matrix P. The z statistic that is computed through the use of the GLRT is a function of range and depth. An "ambiguity surface" is produced by calculating the test statistic over a trial set of hypothesized source ranges and depths. Peaks indicate the location of strong directional signal sources.
If the peak is greater than a predetermined threshold, detection as well as localization is achieved. In summary, we propose the following new algorithm for matched-field processing:
Off-line steps:
1. Establish appropriate signal model for "lowrank" interference plus background. 2. Specify problem geometry, (i.e. number of sources, search domain, array geometry, and etc.) 3. Generate replica field ,,data for lprojection
Select detector threshold.
On-line steps: 5.
6.

7.
Update projection matrix from replica field data.
Calculate z(0) according to equation (14)
If z(0) is greater than the predetermined threshold, we assert source is detected at location 8.
141.
IV. RESULTS
We tested the GLRT in a computer simulated shallow water environment. We chose an isospeed shallow water channel with a rigid bottom and a uniform sound velocity profile (SW) [2] . As stated earlier plane wave propagation can not be assumed; to do so would degrade performance. Therefore, a normal mode decomposition of the replica field is used. Ray theory can not be used due to the general low frequency behavior of the MFP problem. The basic equation that is used to generate the signal field, the jammer field, and the replica vectors is z is a vector containing the vertical location of each hydrophone. H is the depth of the water and for all tests is set at 300 meters. M is the number of modes; r is the range of the source, and z, is the source depth. { k , }are The true location and strength of the jammer and source are unknown.
However, for purposes of demonstration the jammer power is 10 dB, the signal power is 5 dB and the white noise is -10 dB. The depth of the ocean is 300 meters. The window in which the ranges for the replica field is computed is 950 to 1050 meters. The true location of the source is set at a depth of 270 meters and at a range of 1000 meters. A jammer is located at a depth of 150 meters and a range of 1000 meters. The number of snapshots is 100 and the number of sensors is 10. Figure 2 .0 shows these results. Figure   3 .0 shows the result of changing only the depth and range of the jammer to 200 and 1000 meters respectively. The processor that is used is a parameter estimator. Power estimation is not incorporated into the signal processing. Therefore, the heights of the jammer@) and source are not related to their power. Furthermore, some a priori knowledge of the source location is needed. This knowledge is applied to distinguish the jammer and source energy that are represented by the peaks seen in the corresponding figures.
The research conducted showed the biggest drawback to this processor is computational efficiency. For accurate results the search area must be swept through meter by meter for both range and depth. The results shown in this paper took approximately 2.5 hours to be generated on a Sun Sparc2 workstation. Therefore, if this algorithm were to be implemented, its computational time must be taken into account.
V. CONCLUSIONS
This paper presents a new method for detection and localization in a strong noise environment. The method is based on a generalized likelihood ratio test, which is composed of a ratio of singular values. Signal-free training data is not required for adaptive implementation, and it accounts for the strong unknown interference, however, a priori knowledge of its rank is needed. 
